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To investigate which parameters are stimulated by mineral fibers and whether cigarette smoke
enhanced a fiber-induced response, we examined the level of cytokine mRNA from alveolar
macrophages (AMs) and lungs of rats exposed to mineral fibers and cigarette smoke 7z vivo. Male
Wistar rats were given a single intratracheal instillation of 2 mg of Union Internationale Contre
le Cancer chrysotile or refractory ceramic fiber (RF1). The animals then inhaled a side stream of
smoke 5 days per week for 4 weeks. The expression of manganese superoxide dismutase,
inducible nitric oxide synthase (iNOS), basic fibroblast growth factor (bFGF), interleukin-1ot
(IL-1ct), interleukin-6 (IL-6), and tumor necrosis factor-ot (TNFo) mRNA from lipopolysaccha-
ride-stimulated AMs and lungs of rats exposed to mineral fibers and/or cigarette smoke were
assessed using semiquantitative reverse-transcriptase polymerase chain reaction. Exposure only to
cigarette smoke increased in IL-100 mRNA levels in AMs. Chrysotile stimulated the expression of
IL-10,, TNF0, and IL-6 in AMs, and the expression of bFGF in lungs. RF1 resulted in increased
expression of IL-10t and TNFo. in AMs. Cigarette smoke stimulated the gene expression of iNOS
in AMs and IL-6 and bFGF in lungs treated with chrysotile; IL-10. in AMs and bFGF in lungs
did the same in lungs with RF1. Among these cytokines, message levels of IL-10, iNOS, and
bFGF were increased in rats stimulated with mineral fibers, and the stimulating effects of mineral
fibers were enhanced by cigarette smoke. Therefore, IL-10., iNOS, and bFGF would be the possi-
ble parameters of the lung remodeling induced by mineral fibers. Key words: alveolar
macrophage, bFGF, ceramic fiber, chrysotile, IL-1a, IL-6, iNOS, lung, Mn-SOD, TNE. Environ
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Occupational and environmental exposure
to inhaled asbestos dust causes pulmonary
fibrosis, bronchogenic carcinoma, and pleur-
al mesothelioma (7). Recently, various types
of man-made mineral fibers have been devel-
oped as substitutes for asbestos; the demand
for these products is increasing. Some of
these fibers are thought to possess the same
adverse biological effects as asbestos because
of their similar physiochemical properties
(2). Furthermore, epidemiological and clini-
cal studies have indicated that asbestos work-
ers who smoked cigarettes had a higher inci-
dence of asbestos-induced disease than those
who did not (3—4).

In asbestos-induced disease, many genes
are thought to contribute to lung remodeling,
such as fibrosis and carcinoma (5-6).
Asbestos fibers deposited in the lung lead to
an activation of alveolar macrophages (AMs)
(5. AMs and parenchymal cells release tumor
necrosis factor-o. (TNFa), interleukin-10t
(IL-1ev), interleukin-6 (IL-6), basic fibroblast
growth factor (bFGF), and other cytokines
that augment the process of inflammation
(5-6). The release of oxidants from these cells
may lead to lung injury and manganese super-
oxide dismutase (Mn-SOD) and inducible
nitric oxide synthase (iNOS) corresponding

to released free radical formation (6). Some
growth factors signal interstitial fibroblasts to
replicate and modulate their production of
connective tissue proteins (5). The accumu-
lation of inflammatory cells and fibroblasts
and the development of connective tissue
matrices causes lung injury and leads to
fibrosis and carcinoma (5-6).

A reverse transcriptase-polymerase
chain reaction (RT-PCR) used in this
study has a number of advantages (7): 4)
its exquisite sensitivity gives it the ability to
detect rare mRNA in small numbers of
cells in a semiquantitative manner; )
unlike the protein assay system, the same
methodology can be applied to analyze the
expression of many genes; and ¢) cDNA
can be used for future studies.

To estimate which parameters are more
sensitive and specific for lung remodeling
induced by mineral fibers, we used RT-
PCR to examine cytokine mRNA levels
from AMs and lungs of rats exposed to min-
eral fibers and/or cigarette smoke in vivo.

Materials and Methods

Fibers. Fibers used in this study were Union
Internationale Contre le Cancer chrysotile
and alumina silicate ceramic fibers (RF1).
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For chrysotile, the geometric mean diameter
[standard deviation (SD)] and the geometric
mean length were 0.085 (1.4) pm and 0.7
(0.19) pm, respectively (2). For RF1, the
geometric mean diameter (SD) and the geo-
metric mean length were 0.77 (2.53) pm and
12.0 (2.36) pm, respectively. RF1 was pro-
vided by the Japan Fibrous Material
Research Association (Tokyo, Japan).

Experimental design. Male Wistar rats
(10 weeks old) were used in this study, and
30 rats were divided into six groups (saline,
chrysotile, RF1, cigarette smoke, chrysotile +
cigarette smoke, and RF1 + cigarette smoke).
Either saline, chrysotile suspension, or RF1
suspension (2 mg/0.2 mL) was administered
to the rats intratracheally. The rats were
housed in an exposure chamber and were
exposed to the smoke of 20 cigarettes (Japan
Tobacco, Tokyo, Japan) for 4 hr/day, 5
days/week, for 4 weeks. The mass concentra-
tion of cigarette smoke was 10 mg/m> and
was measured gravimetrically at daily inter-
vals by the suction of air through a glass fil-
ter. The CO concentration was 79 ppm,
which is below the concentration that
induces specific biological effects. The cham-
ber volume was 100 L and the flow rate in
the chamber was 50 L/min.

Bronchoalveolar lavage and preparation.
After exposure, each animal was anesthetized
by an intraperitoneal injection of phenobarbi-
tal. Bronchoalveolar lavage (BAL) was per-
formed on the left lung. Cells recovered by
BAL were suspended in RPMI-1640 medi-
um, then placed on tissue culture plates and
allowed to attach for 1 hr at 37°C (8).
Nonadherent cells were removed by one cycle
of washing with RPMI, and adherent cells
were supplied with an RPMI-1640 medium
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containing 10% fetal bovine serum. They
were adjusted to a final concentration of 1 X
103/mL and stimulated with 10 pg/mL
lipopolysaccharide (Sigma, St. Louis, MO).
The AMs were cultured for 2 and 6 hr on
cell culture plates at 37°C in the CO, incu-
bator. After incubation, mRNA in AMs was
extracted using a Quick Prep kit (Pharmacia
Biotech, Uppsala, Sweden). Total RNA
from the lung was prepared in the presence
of guanidium thiocyanate (9).

Preparation of RNA, cDNA synthesis,
and PCR. Total RNA (0.5 pg) was used for
the synthesis of single-strand ¢cDNA using
Moloney murine leukemia virus-derived
reverse transcriptase (Perkin Elmer,
Norwalk, CT). An equal amount of cDNA
from each sample, standardized to give
identical signals on gel following amplifica-
tion with B-actin primer, was amplified by
specific primers for each gene (Table 1)
(10-16). The amplification was performed
using a Thermocycler (Astech, Japan)
under the following conditions: denatura-
tion at 94°C for 45 sec, annealing at 60°C
for 45 sec, and extension at 72°C for 2 min
for cytokines and B-actin genes.

Detection of the fragments amplified
by PCR was made by electrophoresis on a
2% agarose gel. PCR products were
resolved using gel electrophoresis and visu-
alized by ethidium bromide staining. The
gel was photographed with Polaroid Type
665 positive/negative film (Polaroid Corp.,
Cambridge, MA) under ultraviolet light at
identical exposure and development times.
The bands from the positive film were
scanned, and the density of each PCR prod-
uct was measured using National Institute
of Health image 1.55 software (provided by
Wane Rasband, National Institutes of
Health, Bethesda, MD). The ratio of each
specific gene product to the B-actin product
was used for the analysis.

Quantitative analysis. To quantify the
transcriptional level of cytokine mRNA,
the following analysis was used: IL-1a
samples were coamplified with B-actin-
specific primers as an internal standard
(Figure 1). Aliquots containing cDNA
were subjected to 26, 29, 32, 35, or 38
cycles of amplification under identical
conditions as in protocols. The amounts of
density recovered from the excised bands
were plotted as a function of the number
of cycles. The rates of amplification were
exponential between 29 and 35 cycles for
both templates. The number of thermo-
cycles used allowed quantitation without
saturation. The data were normalized to
represent equivalent RNA loading based
on the density of B-actin at the appropri-
ate cycle of both genes (7).

We compared the data of 2- and 6-hr
incubation of cytokines in AMs and pre-
sented the one that showed more gene
expression.

Statistical analysis. Values were
expressed as the mean + 1 SD. The differ-
ence between values was assessed using a
Mann-Whitney U-test.

Histopathology. Lungs were fixed in
10% buffered formalin. Embedded samples
were then sectioned and stained with
hematoxylin and eosin.

Results

Bronchoalveolar lavage. An increased num-
ber of total cells was recovered from rats
exposed to mineral fibers and/or cigarette
smoke than from saline-exposed rats (ciga-
rette 6.4 + 3.4 X 105 cells; chrysotile 5.6 +
1.9 X 10 cells; RF1 5.5 1.9 x 105 cells;
chrysotile + cigarette smoke 5.7 + 1.5 x 10°
cells; RF1 + cigarette smoke 9.1 + 1.6 X
105 cells; control 4.4 + 1.2 x 105 cells:
Table 2). AMs accounted for >95% of the
cells in all groups.

Table 1. Oligonucleotides of primers of seven target genes.

Cycle of PCR product, bp

mRNA
species mRNA Lung AMs bp
TNFo (sense) 5-TACTGAACTTCGGGGTGATTGGTCC 30 32 295

(antisense) 5-CAGCCTTGTCCCTTGAAGAGAACC
IL-Tor (sense) 5-CTAAGAACTACTTCACATCCGCAGC 38 32 623
(antisense) 5-CTGGAATAAAACCCACTGAGGTAGG

IL-6 (sense) 5-CAAGAGACTTCCAGCCAGTTGC 40 40 614
(antisense) 5"-TTGCCGAGTAGACCTCATAGTGACC

iNOS (sense) 5°-CAAGAACGTGTTCACCATGA 37 40 696
(antisense) 5-AAAGCAGGGCACTGGGTCTT

Mn-SOD (sense) 5-GCGACCTACGTGAACAATCTGAACG 28 40 383
(antisense) 5-TCAATCCCCAGCAGTGGAATAAGGC

bFGF (sense) 5-CAAGCAGAAGAGAGAGGAGTT 36 40 260
(antisense) 5-TCAGCTCTTAGCAGACATTG

B-Actin (sense) 5-ATCATGTTTGAGACCTTCAACACC 26-28 32-34 357

(antisense) 5-TAGCTCTTCTCCAGGGAGG

Abbreviations: AMs, alveolar macrophages; bFGF, basic fibroblast growth factor; IL-10, interleukin-1c; IL-6, interleukin-6;
iNOS, inducible nitric oxide synthase; Mn-SOD, manganese superoxide dismutase; PCR, polymerase chain reaction;

TNFa, tumor necrosis factor o.
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Expression of IL-1a, TNFa, and IL-6
mRNA. In comparison with the control
(saline) group, levels of IL-1o. mRNA in
AMs increased significantly in groups
exposed to cigarette smoke, chrysotile,
chrysotile + cigarette smoke, RF1, and RF1
+ cigarette smoke (Figure 2A). IL-1a
mRNA in the group exposed to RF1 + cig-
arette smoke was maximally expressed in all
groups, but it was not significant compared
to cigarette smoke- or RF1-exposed group.
Elevation in the gene expression of IL-1o
mRNA was not observed in rat lungs
exposed to mineral fibers and/or cigarette
smoke (Figure 2B).

A significant increase in TNFoo mRNA
in AMs was obrtained in chrysotile- or
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Figure 1. Gene expression of interleukin-1ot (IL-10)
mRNA in alveolar macrophages of rats exposed to
chrysotile or saline in a cycle-dependent fashion.
(A) Exposure to saline. (B) Exposure to chrysotile.
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RF1-exposed rats as compared to control rats,
but not in cigarette smoke-exposed rats (Figure
3A). Mineral fibers and cigarette smoke did
not have combined effects on message levels of
TNFo in AMs. TNFoo mRNA in the lung was
increased in chrysotile-exposed rats. Similar to
chrysotile, RF1 tended to increase in the gene
expression of TNFo. mRNA; however, there
were no significant differences in the levels of
TNFo. mRNA when compared to control rats
(Figure 3B).

Chrysotile-only exposure induced
increases in IL-6 mRNA levels in AMs
(Figure 4A). Elevation of IL-6 mRNA was
not increased in rat AMs exposed to RF1
and/or cigarette smoke. Exposure to cigarette
smoke or mineral fibers did not induce an

Table 2. Total cell counts of bronchoalveolar
lavage fluid in rats exposed to mineral fibers
and/or cigarette smoke in vivo.

Total cell counts {x 10°)

Control 44(12)
Cigarette 6.4(3.4)
Chrysotile 5.6(1.9)
RF1 55(1.9)
Chrysotile + cigarette smoke 5.7(1.5)
RF1 + cigarette smoke 9.1(1.6)

RF1, refractory ceramic fiber.
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Figure 2. Effects of mineral fibers and cigarette
smoke on the expression of interleukin-1o (IL-1ct)
mRNA. (A) Alveolar macrophages incubated for 2
hr. (B) Lung. Abbreviations: NS, not significant;
RF1, refractory ceramic fiber. Values are signifi-
cantly greater than control (saline). Results are
expressed in ratio of IL-1ct to B-actin (mean +
standard error).

*p<0.05 significantly different from a control (saline-
exposed) group.
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among AMs from rats treated with mineral
fibers and cigarette smoke increased signifi-
cantly when compared with control rats.

Levels of INOS mRNA declined marked-
ly in cigarette smoke-exposed rat lungs (Figure
5B). Exposure to mineral fibers tended to
induce an increase in iNOS mRNA; however,
differences between mineral fibers and control
were not significant.

increase in IL-6 levels in the lung; however,
exposure to chrysotile and cigarette smoke
had a synergistic effect on the expression of
IL-6 mRNA (Figure 4B).

Expression of iNOS and Mn-SOD
mRNA. In rats exposed to cigarette smoke
or mineral fibers, mRNA levels for iNOS
in AMs were not increased (Figure 5A).
On the other hand, mRNA levels for iNOS
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Figure 3. Effects of mineral fibers and cigarette smoke on the expression of tumor necrosis factor o
(TNFo) mRNA. (A) Alveolar macrophages incubated for 2 hr. (B) Lung. Abbreviations: NS, not significant,
RF1, refractory ceramic fiber. Results are expressed in ratio of TNFa to B-actin (mean + standard error).
*p<0.05 and **p<0.01 significantly different from a control (saline-exposed) group.
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Figure 4. Effects of mineral fibers and cigarette smoke on the expression of interleukin-6 (IL-6) mRNA. (A)
Alveolar macrophages incubated for 6 hr. (B) Lung. Abbreviations: NS, not significant; RF1, refractory
ceramic fiber. Results are expressed in ratio of IL-6 to B-actin (mean + standard error).

*p<0.05 significantly different from a control (saline-exposed) group.
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Figure 5. Effects of mineral fibers and cigarette smoke on the expression of inducible nitric oxide syn-
thase (iNOS) mRNA. (A) Alveolar macrophages incubated for 2 hr. (B) Lung. Abbreviations: NS, not signifi-
cant; RF1, refractory ceramic fiber. Results are expressed in ratio of iNOS to B-actin (mean + standard
error).

*p<0.05 and **p<0.01 significantly different from a control (saline-exposed) group.
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Figure 6. Effects of mineral fibers and cigarette smoke on the expression of manganese superoxide dis-
mutase (Mn-SOD) mRNA. (A) Alveolar macrophages incubated for 6 hr. (B) Lung. Abbreviations: NS, not
significant; RF1, refractory ceramic fiber. Results are expressed in ratio of Mn-SOD to B-actin (mean +
standard error).

Figure 8. Lung sections in rats exposed to mineral fibers and/or cigarette smoke. (A) Saline, magnification
% 100. (B) Cigarette smoke, magnification x 100. (C) Chrysotile, magnification x 400. (D) refractory ceramic
fiber (RF1), magnification x 100. (E) Chrysotile + cigarette smoke, magnification x 400. (F) RF1 + cigarette
smoke, magnification x 100.
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Figure 7. Effects of mineral fibers and cigarette
smoke on the expression of basic fibroblast growth
factor (bFGF) mRNA. (A) Alveolar macrophages
incubated for 2 and 6 hr. (B) Lung. Abbreviations:
NS, not significant; RF1, refractory ceramic fiber.
Results are expressed in ratio of bFGF to B-actin
(mean + standard error).

*p<0.05 and **p<0.01 significantly different from a control
(saline-exposed) group.

No significant changes in levels of Mn-
SOD mRNA in AMs and lungs exposed to
mineral fibers and/or cigarette smoke was
observed (Figure 6).

Expression of bFGF mRNA. The mes-
sage of bFGF in AMs was not observed in
all groups, although the cycle of PCR was
up to 40 (Figure 7A). Chrysotile induced
an increase in bFGF mRNA in the lungs,
but cigarette smoke or RF1 did not. The
combined effect of mineral fibers and ciga-
rette smoke on the message level of bFGF
was significant (Figure 7B).

Pathological findings. Foreign body
giant cells and mononuclear cells around
bronchioles were observed in groups
exposed to chrysotile and chrysotile + ciga-
rette smoke (Figure 8). In the other four
groups, definite pathological changes were
not observed.

Discussion

We set the recovery time after the intratra-
cheal instillation of mineral fibers at 4
weeks. Unlike the inhalation findings, some
reports showed that nonspecific responses at
the acute phase were seen after the intratra-
cheal injection. Some investigators (17,18)
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Figure 9. Ethidium bromide staining of PCR products separated in 2% agarose gel. Abbreviations: bFGF,
basic fibroblast growth factor; IL-1c, interleukin-1c;; IL-6, interleukin-6; M, DNA marker (X174/Haelll); Mn-
S0D, manganese superoxide dismutase; iNOS, inducible nitric oxide synthase; RCF, refractory ceramic

fiber; TNFot, tumor necrosis factor o.

showed that saline injection in BAL caused a
neutrophil recruitment by the lower respira-
tory tract in 72 hr, and that an increase in
neutrophils and AMs recovered from bron-
choalveolar lavage fluid were seen in the first
week after injecting water alone. We previ-
ously reported that inhalation for one day of
cigarette smoke transiently enhanced the
ability of mineral fibers to stimulate AMs to
produce TNF in rats (19), and later reported

that no specific changes were found for AMs
in rats with cigarette smoke inhalation for 4
weeks (20). To avoid the initial influence of
acute response, we exposed rats to cigarette
smoke for 4 weeks in this experiment. The
time line for gene expression of cytokines in
AMs and lungs following initial asbestos
exposure is now under investigation.

Many previous reports examined protein
level or gene expression of proinflammatory
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cytokines and growth factors that were stim-
ulated by mineral fibers in lungs or in AMs
(5,6,19-21). However, the mineral fibers
used for experimental studies are not always
the same among laboratories. The physio-
chemical properties of mineral fibers affect
biological response in cells and lungs. For
instance, the size of mineral fibers causes dif-
ferent responses even if they are the same
fibers. We previously reported a difference
in the production of TNFa in AMs treated
with long and short mineral fibers (22).
Numerous in vitro studies have also shown
that long fibers induced greater cytotoxici-
ties than short fibers iz vitro (2,23,24). In
this experiment each cytokine was examined
from the same samples using RT-PCR
under the identical experimental process,
and it is useful to estimate the sensitivity and
selectivity of parameters in lung remodeling
induced by mineral fibers. In this experi-
ment, these parameters were examined on
the following points: whether the gene
expression of cytokine mRNA is induced by
mineral fibers and whether mRNA levels for
cytokines are additively or synergistically
increased by combined exposure to cigarette
smoke and mineral fibers.

Mineral fibers increased in gene expres-
sion of TNFa, IL-1, IL-6, and iNOS
mRNA in AMs and bFGF mRNA in
lungs. These proinflammatory cytokine
mRNA or proteins have been detected in
the AMs or lungs of patients with idiopath-
ic pulmonary fibrosis (25) and in animal
lungs with pulmonary fibrosis (26).
Blackford et al. (27) reported that intratra-
cheal instillation of silica up regulated the
gene expression of iINOS mRNA in AMs.
These data were accordance with our data.
However, mRNA expression of Mn-SOD
was not increased in AMs and lung tissue
from rats exposed to mineral fibers.
Quinlan et al. (28) reported that the mes-
sage level of Mn-SOD in rat lungs inhaling
crocidolite peaked at 3-9 days and
decreased toward control level thereafter.
In our experiments, levels of Mn—SOD
mRNA might return from peak to normal
because recovery time was 4 weeks.

Cigarette smoke is thought to increase
the incidence of asbestos-induced disease
(3,4). It is generally accepted that smoking
is associated with a higher risk of carcino-
ma of the lung (3); however, its association
with asbestosis is controversial, and a
majority of studies showed a positive inter-
action between smoking and asbestos (4).
Studies suggest that smoking and asbestos
act in combination in the development of
fibrosis. In our experiments, cigarette
smoke and mineral fibers have combined
effects of gene expression of IL-1a,, iNOS,
bFGF, and IL-6 mRNA (Figure 9). There
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have been few experimental studies to inves-
tigate the combined effects of cigarette
smoke and mineral fibers on the gene expres-
sion of proinflammatory cytokines. We pre-
viously reported that the cigarette smoke and
mineral fibers had synergistic effects on
matrix metalloproteinases (MMPs) in rat
lungs (29). IL-1 up regulates the production
of MMPs (30), and the increase in gene
expression of MMPs in rats lungs exposed by
two agents may be affected by IL-1. Jackson
et al. (31) reported that cigarette smoke and
asbestos increased DNA damage synergisti-
cally and suggested that this synergism might
involve hydroxyl radical production. Free
radical formation including nitric oxide radi-
cal and peroxynitrite anion through iNOS
(27) might be related to lung injury induced
by asbestos and cigarette smoke. The gene
expression of proinflammatory cytokines,
iNOS, and bFGF might be representative
cytokines of inflammation, pulmonary dam-
age by oxidants, and a neovascularization,
respectively (4,27,32) Therefore, a change in
gene expression of these factors, which play a
key role in the inflammatory process, sug-
gested that these factors might contribute to
lung remodeling induced by cigarette smoke
and mineral fibers. The lungs in rats exposed
to chrysotile or chrysotile + cigarette smoke
showed inflammatory cells around the bron-
chioles without a fibrotic form. These patho-
logical findings may support that two agents
have a combined effect on cytokines which
are related to inflammation or lung injury.
Taken together, IL-10, iNOS, and
bFGF mRNA were up regulated by expo-
sure to mineral fibers, and were affected by
exposure to mineral fibers and cigarette
smoke in combination. Therefore, these
factors were thought to be possible parame-
ters for a risk assessment of mineral fibers.

Summary

We examined cytokine mRNA levels from
AMs and the lungs of rats exposed to miner-
al fibers and/or cigarette smoke in vivo.
Message levels of IL-1at, iNOS, and bFGF
were increased by exposure to mineral fibers
and enhanced by combined exposure to
mineral fibers and cigarette smoke. These
data suggested that IL-1a, iNOS, and bFGF
would be the possible parameters of the lung
remodeling induced by mineral fibers.

RerFerReNCES AND NOTES

Becklake MR. Asbestos-related di of the lung
and other organs: their epidemiology and implica-
tions for clinical practice. Am Rev Respir Dis
114:187-227 (1976).

Fujino A, Hori H, Higashi T, Morimoto Y, Tanaka |,
Kaji H. In-vitro biological study to evaluate the toxic
potentials of fibrous materials. Int J Occup Environ
Health 1:21-28 (1995).

Hammond EC, Selikoff IJ, Seidman H. Asbestos
exposure, cigarette smoking and death rates. Ann
NY Acad Sci 330:473-490 (1979).

Weiss W. Cigarette smoke, asbestos, and small
irregular opacities. Am Rev Respir Dis 130:293-301
(1984).

Warheit DB, Gavett SH. Current concepts in the
pathogenesis of particulate-induced lung injury. In:
Fiber Toxicology (Warheit DB, ed). San Diego,
CA:Academic Press, 1993;305-322.

Mossman BT, Churg A. Mechanisms in the patho-
genesis of asbestosis and silicosis. Am J Respir Crit
Care Med 157:1666—-1680 (1998).

Wang AM, Mark DF. Quantitative PCR. In: PCR
Protocols: A Guide to Methods and Applications
{Innis MA, Gelfand DH, Sninsky JJ, White TJ, eds).
San Diego, CA:Academic Press, 1990;70-75.
Jordana M, Richards C, Irving LB, Gauldie J.
Spontaneous in vitro release of alveolar
macrophage cytokines after the intratracheal instil-
lation of bleomycin in rats. Am Rev Respir
Dis 137:1135-1140 (1988).

Chomczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-
chloroform extraction. Anal Biochem 162:156-159
(1987).

. Shirai T, Shimizu N, Horiguchi S, Ito H. Cloning and

expression in Escherichia coli of the gene for rat
tumor necrosis factor. Agric Biol Chem 53:1733-1736
(1989).

. Nishida T, Nishino N, Tanano M, Sekiguchi Y, Kawai

K, Mizuno K, Nakai S, Masui Y, Hirai Y. Molecular
cloning and expression of rat interleukin-1o cDNA. J
Biochem 105:351-357 (1989).

. Northemann W, Braciak TA, Hattori M, Lee F, Fey

GH. Structure of the rat interleukin-6 gene and its
expression in macrophage-derived cells. J Biol
Chem 264:16072-16082 (1989).

. Kosuga K, Yui Y, Hattori R, Sase K, Eizawa H, Aoyama

T, Inoue R, Sasayama S. Cloning of an inducible nitric
oxide synthase from rat polymorphonuclear neu-
trophils. Endothelium 2:217-221 (1994).

. Shimasaki S, Emoto N, Koba A, Mercado M, Shibata F,

Cooksey K, Baird A, Ling N. Complementary DNA
cloning and sequencing of rat ovarian basic fibroblast
growth factor and tissue distribution study of its mRNA.
Biochem Biophys Res Commun 157:256-263 (1988).

. Ho YS, Crapo JD. Nucleotide sequences of cDNAs

coding for rat manganese-containing superoxide
dismutase. Nucleic Acids Res 15(23):10070 (1987).

. Nudel U, Zakut R, Shani M, Neuman S, Levy Z, Yaffe D.

The nucleotide sequence of the rat cytoplasmic beta-
actin gene. Nucleic Acids Res 11:1753-1771 (1983).

. Von Essen SG, Robbins RA, Spurzem JR, Thompson

AB, McGranaghan SS. Bronchoscopy with bron-
choalveoar lavage causes neutrophil recruitment to
the lower respiratory tract. Am Rev Respir Dis
144:848-854 (1991).

. Adamson IYR, Bowden DH. Role of polymorphonu-

clear leukocytes in silica-induced pulmonary fibro-
sis. Am J Pathol 117:37-43 (1984).

20.

21.

22.

23.

24,

25.

26.

21.

28.

29.

30.

31

32.

. Morimoto Y, Kido M, Tanaka |, Fujino A, Higashi T,

Yokosaki Y. Synergistic effects of mineral fibres and
cigarette smoke on the production of tumour necro-
sis factor by alveolar macrophages of rats. Br J Ind
Med 50:955-960 (1993).

Morimoto Y, Tanaka |, Higashi T, Hori H, Yamato H,
Kido M, Yokosaki Y. Chronic exposure to cigarette
smoke inhibits the stimulating effects of mineral
fibers on the production of tumor necrosis factor by
alveolar macrophages of rats. Int J Occup Environ
Health 2:95-98 (1996).

Remick DG, DeForge LE. Cytokines and pulmonary
fibrosis. In: Pulmonary Fibrosis (Phan SH, Thrall RS,
eds). New York:Marcel Dekker, Inc., 1995;599-626.
Morimoto Y, Yokosaki Y, Kido M, Tanaka |, Fujino A,
Higashi T. Mineral fibers stimulate alveolar
macrophages to produce tumor necrosis factor:
influence of type and size. Jpn J Traumatol Occup
Med 41:386-393 (1993).

Forget G, Lacroix MJ, Brown RC, Evans PH.
Response of perifused alveolar macrophages to
glass fibers: effect of exposure duration and fiber
length. Environ Res 39:124-35 (1986).

Tilkes F, Beck EG. Influence of well-defined mineral
fibers on proliferating cells. Environ Health Perspect
51:275-279 (1983).

Zhang Y, Lee TC, Guillemin B, Yu M-C, Rom WN.
Enhanced IL-1B and tumor necrosis factor-o release
and messenger RNA expression in macrophages
from idiopathic pulmonary fibrosis or after asbestos
exposure. J Immunol 150:4188—4196 {1993).
Ljungman AG, Lindahl M, Tagesson C. Asbestos
fibres and man made mineral fibres: induction and
release of tumour necrosis factor-o. from rat alveolar
macrophages. Occup Environ Med 51:777-783 (1994).
Blackford JA, Antonini JM, Castranova V, Dey RD.
Intratracheal instillation of silica up-regulates
inducible nitric oxide synthase gene expression and
increases nitric oxide production in alveolar
macrophages and neutrophils. Am J Respir Cell Mol
Biol 11:426-431 (1994).

Quinlan TR, Marsh JP, Janssen YMW, Leslie KO,
Hemenway D, Vacek P, Mossman BT. Dose-responsive
increases in pulmonary fibrosis after inhalation of
asbestos. Am J Respir Crit Care Med 150:200-206 (1994).
Morimoto Y, Tsuda T, Nakamura H, Hori H, Yamato H,
Nagata N, Higashi T, Kido M, Tanaka I. Expression of
matrix metalloproteinases, tissue inhibitors of metal-
loproteinases, and extracellular matrix mRNA fol-
lowing exposure to mineral fibers and cigarette
smoke in vivo. Environ Health Perspect 105(suppl
5):1247-1251 (1997).

Lyons JG, Birkedal-Hansen B, Pierson MC,
Whitelock JM, Birkedal-Hansen H. Interleukin-1 beta
and transforming growth factor-alpha/epidermal
growth factor induce expression of M(r) 95,000 type
IV collagenase/gelatinase and interstitial fibroblast-
type collagenase by rat mucosal keratinocytes. J
Biol Chem 268(25):19143-19151 (1993).

Jackson JH, Schraufstatter IU, Hyslop PA, Vosbeck
K, Sauerheber R, Weitzman SA, Cochrane CG. Role
of oxid of DNA damage; Hydroxy! radical medi-
ates the synergistic DNA damaging effects of
asbestos and cigarette smoke. J Clin Invest
80:1090-1095 (1987).

Kane AB, MacDonald JL. Mechanisms of mesothe-
lial cell injury, proliferation, and neoplasia induced
by asbestos fibers. In: Fiber Toxicology (Warheit DB,
ed). San Diego, CA:Academic Press, 1993;323-347.

500

Volume 107, Number 6, June 1999 = Environmental Health Perspectives



